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By way of review it may be said the knowledge that has come to us

through the biochemic reactions which take place when horse-serum is
injected into the body has compelled us materially to alter our concep-
tion of the incubation period. Formerly we contented ourselves with the
belief that the time which elapses after the pathogenic substance enters
the body until the development of the first symptoms of the disease is the
incubation period. By this we meant that the causal agent entered and
grew in the body until it had reached a sufficient amount to bring about
disease symptoms; in other words, that the invading army increased in
size from day to day until it was able to overcome the natural resisting
forces of the body. We now know that certain substances, such as horse\x=req-\
serum and egg albumin, when injected into the body require a certain
length of time to elapse before any noticeable effects are seen or felt by
the patient.

In the early days of diphtheria antitoxin and of serum therapy in
general, much inconvenience was experienced by individuals injected
because of the occurrence of urticaria, joint swelling, edema, glandular
enlargement, etc., in an appreciable percentage of the cases. It was
soon found, however, that these manifestations were due to the horse-
serum itself and in no way to the diphtheria antibodies it contained. It
was further found that if the antibodies were carried in a smaller quan¬
tity of horse-serum these unpleasant symptoms did not occur with the
same regularity. It was also observed that an indefinite time usually
elapsed after the injection of the serum before the development of the
symptoms. At first little attention was given to this and it remained for
Arthus and particularly von Pirquet and Schick to see an explanation
for it.

Prior to the work of Arthus and von Pirquet and Schick, knowledge
had accumulated concerning hypersusceptibility. It had been demon-
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strated that foreign proteid substances (cells, blood-serum, milk, tenta¬
cles of actiniae, egg albumin1) injected into the body sensitized the
organism ("disturbed Chemismus") to the proteid, and that after a cer¬

tain number of days had passed, the body for a period of time, some¬

times longer than others, was sensitized in such a way that should it ever

receive a second injection certain definite and typical manifestations
would show themselves.

On June 16, 1903, Arthus communicated to the Société de Biologie,
Paris, the result of researches he had made on the effect of repeated
injections of horse-serum in the rabbit (intraperitoneal, intravenous,
subcutaneous). He observed in rabbits, which received repeated injec¬
tions of horse-serum on successive days, that after the third injection
the résorption was accomplished only after several hours. After the
fourth to the seventh injection definite marked phenomena occurred in
the skin over the point of injection ; redness, swelling, edema, and finally
necrosis with prolonged healing. He determined that these phenomena
were not due to a local change in that particular area of the skin, but
were dependent on two factors, namely, a primary injection, and a second
injection preceded by a time interval during which a general reaction
of the body had taken place, rendering it hypersusceptible or anaphylactic.

Von Pirquet and Schick, working independently (June 25 and Novem¬
ber, 1903), from an entirely different viewpoint, that of clinical medi¬
cine, saw in the experience encountered with the use of diphtheria anti¬
toxin and Moser's scarlet-fever serum, a, typical anaphylactic reaction.
Most of the symptom-complex of serum disease had been known to the
earlier observers, but, as von Pirquet and Schick remark, "they arrived
at no composite picture, because they did not recognize the [irregularity]
of the incubation period which occurs between the injection and the
appearance of the clinical symptoms." Von Pirquet and Schick observed
that when the cutaneous manifestations showed themselves early, within
one to three days, they did so only in individuals who had at some pre¬
vious time received an injection of horse-serum. In the fall of 1902 von

Pirquet made an observation which gave him the key to a new concep¬
tion of the incubation period. "A child had been injected with 10 c.c.

Moser's scarlet-fever serum. After an incubation of seven days the serum

symptoms appeared and lasted several weeks. After the disease symp¬
toms had entirely disappeared—fifty days after the first injection—the
child, on account of a diphtheria case in the same room, was injected
with 2 c.c. of antidiphtheria serum (a quantity which in a person
injected for the first time never produces symptoms). Fifteen minutes
later the boy began to cry and showed signs of vomiting. At the same

time edema of the lower lip appeared and rapidly spread to the entire

1. Metchnikof, Richet.
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face. In a few hours there was generalized urticaria. Therefore, after
the first injection the incubation was seven days, after the second injec¬
tion the reaction followed at once." To this condition von Pirquet and
Schick gave the name serum disease, the symptoms of which are as

typical as those of the exanthematous diseases. The question very soon

naturally arose, Why does not every person who receives an injection of
horse-serum show the symptoms of the disease? The answer to this
question was to be found in the early experience with diphtheria anti¬
toxin; that is, it is in the first instance a quantitative affair. A very
large dose produces symptoms, a small one does not. However, a still
further observation is frequently made. In one person a large dose may
cause visible symptoms, while in another person of equal weight and of
apparently the same constitution the same dose brings about no visible
signs. The reason for this has been explained on the ground of individ¬
ual susceptibility. Animal experimentation tends to show that the pro¬
duction of a marked degree of sensitization and the production of
cutaneous manifestations are entirely separate phenomena. It is now

well known2 that complete anaphylactic shock (death) is more likely
to follow reinjection after a small sensitizing injection of horse-serum,
0.1 to 0.00001, than after a large one, 10, 20 or 30 c.c. Such a compara¬
tively small dose of horse-serum does not bring about an exanthem in
man, but it does produce a specific change in the organism. Bosenau
and Anderson believed this experience in animal experiments was due
to an acquired immunity induced by the large amount of horse-serum
injected. On the other hand, the somewhat more extended observations
of Gay and Southard seem to show that the large initial dose, or the oft-
repeated injections of moderate sized doses (2 to 5 c.c), which in the
aggregate total a large dose, give rise to a period of insusceptibility
rather than to an immunity. Por example, when they allowed a so-called
incubation period of several weeks (thirty-eight to eighty-two days) to
elapse, in guinea-pigs, after such initial doses, they found that instead
of acting refractory they became characteristically sensitive, "the degree
of sensitivity varying directly with the time elapsed" since the primary
injection.5 A further observation bearing on this point is the suggestion
of Hamburger and Moro that the precipitins bear a certain relation to
the exanthem. They were unable to demonstrate precipitins in patients

2. Arthus 1903, Otto 1906, Rosenau and Anderson 1906.
3. Besredka and Steinhardt applied the term anti-anaphylaxis to this phe-

nomenon. Anderson and Rosenau in a later communication state that guinea\x=req-\
pigs sensitized with 0.01, 0.1, 1, and 8 c.c., respectively, showed no appreciable dif-
ference in the length of the incubation period. These animals were tested for
oversensitiveness by intracerebral injection of horse serum (as first practiced by
Besredka and Steinhardt). Gay and Southard in a paper published at the same

time reaffirm their previous statement that the larger single dose or the oft-
repeated dose of horse serum induces a longer incubation period.
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who had received only small doses of horse-serum, but demonstrated them
with ease fourteen days after doses of from 10 to 20 c.c. We are able
now, however, to show that while all patients do not exhibit signs of the
disease up to the so-called threshold of cutaneous manifestation, their
organism has undergone certain typical changes which can be demon¬
strated by biochemic reactions.

In 1903 Hamburger and Moro demonstrated precipitins for horse-
serum in patients injected with large doses of horse-serum (Moser's
scarlet fever serum), and the patients so injected showed a much more

markedly positive reaction than those who had been injected with diph¬
theria antitoxin. The reason for this was that in the latter instance the
amount of serum was small, while in the former a large amount, 10
to 20 c.c, of serum was used. They explain this phenomenon on the
hypothesis that a larger amount of serum brings about a greater irrita¬
tion of the cells, thus intensifying the reaction of the organism. Ham¬
burger and Moro made the observation, referred to later, that the pre¬
cipitins were demonstrable in the blood of injected children after the
exanthem and not before, and propounded the much-quoted4 theory,
which they, however, abandoned in the same communication, namely,
that the sudden appearance of antibodies and precipitins which enter
the blood after a certain period of latency produce a binding of the
precipitins to the biologically active groups of atoms of the free-coursing
horse-serum. The precipitates thus formed produce through thrombo¬
sis of the capillaries circulatory disturbances which present themselves to
the observer as exanthems. The researches of Bostoski, Michaelis and
Openheimer, referred to by these writers, had definitely shown that
while such precipitation occurs in the test-tube when precipitable sub¬
stance and precipitin are brought together, they do not so react within
the living body. Hence, as Hamburger and Moro remark, this theory5
had to be abandoned, a fact which many subsequent writers fail to rec¬

ognize.
The idea that the precipitins entered the circulation suddenly after a

certain period of latency, however, clung and was adhered to by Ham¬
burger, von Pirquet and their coworkers for a long time. Much experi-

4. Friedburger: Kritik der Theorien \l=u"\berdie Anaphylaxie, Ztschr. f.
Immunit\l=a"\tsf.,1909, ii, part 2, p. 212.

5. This theory calls to mind the work of Landois, who in 1875 demonstrated
hemolysis of red blood corpuscles in vitro and in vivo, and who later showed that
before the corpuscles are dissolved they are first agglutinated into clumps and thus
may block large capillary areas (agglutination thrombi). After this, in the
extraction of the hemoglobin by the hemolytic process, a further blocking of the
capillaries is induced by the action of the hemoglobin on the leukocytes, setting
the fibrin ferment free. Landois: Lehrb. d. Physiol. des Menschen, 1896; Die
Transfusion des Blutes, Leipzig, 1875. Uhlenhuth: Ztschr. f. Hyg., 1897, xxvi,
384. Cited by Rosenau and Anderson.
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mental work has centered around this point. Hamburger and Moro had
determined the presence of precipitins for horse-serum in the blood of
two children who had received 20 cc of Moser's scarlet-fever serum.
In one, blood taken on the third day was negative, on the fourth day a

general reaction occurred, exanthem and fever, two days later. Sixteen
days after the injection the blood showed a strong reaction for precipi¬
tins. In another set of experiments three children were injected with
20, 10 and 20 c.c. horse serum, respectively. In the first precipitins
appeared on the twenty-seventh day and continued until the thirty-
first; in the second they appeared on the fifteenth day and continued
until the twenty-ninth ; and in the third they appeared on the thirteenth
day and continued until the twenty-seventh.6 In all cases the exanthem
appeared in advance of the demonstration of precipitins (two to fifteen
days). Prom such observations one could hardly fail to see an intimate
connection between the phenomena which bring about exanthem and pre-
cipitin formation. It now remained to study more closely all these
phenomena and perfect more accurate methods for determining the
presence of these bodies in the blood-stream.

The following questions naturally arise : What happens to the horse-
serum when it enters the body? Is it immediately split up or does it
remain as such for a more or less definite time ? Do precipitins and pre-
cipitable substance exist side by side, and if so, for how long? Is it pos¬
sible that the precipitins appear much earlier, before the exanthem?

The following observations may be cited in answer to the first ques¬
tion : Hamburger and Moro were acquainted with Ascoli's observation
that injected egg albumin exists in the blood-stream for some time after
injection, and Hamburger had demonstrated its presence four days
after injection. With the same anti-horse-serum method Hamburger
and Moro were able to demonstrate the presence of horse-serum in the
blood-stream as late as thirty-one days after injection and to make the
further observation that it (the precipitable substance) remains in most
cases for only a short time after precipitins are found (in the first case

four days, second five days, third two days). In animals injected with
correspondingly large doses the precipitable substance was not demon¬
strated later than the sixth day and precipitins did not appear until the
fifth to the eighth day.7 They were not demonstrable after the tenth
day. Hence in answer to our last question it will be seen that in both
animals and children the precipitable substance and the precipitin exist

6. These facts seem to have been overlooked by Rosenau and Anderson, hence
some of their conclusions are incorrect.

7. Rosenau and Anderson failed to demonstrate precipitins in guinea-pigs after
a single initial dose of horse serum because their animals had been treated thirty\x=req-\
five days previously; accordingly the precipitin stage had come and gone; and
because the initial dose of serum was very small.
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side by side for a long time in the case of a child, for a very short period
in the case of the rabbit.

Hamburger and von Pirquet (cited by von Pirquet and Schick,
November, 1903) tested the serum of treated rabbits daily for precipitin
formation. The precipitin never appeared earlier than the seventh day
nor later than the tenth day after injection. They then waited for one

or two months and repeated the injection. The new-formed precipitin
now appeared earlier, between the fourth and fifth day. These findings
von Pirquet and Schick attempt to explain in the following way : "The
foreign serum does not act directly on the organism. The disease shows
itself only when a change of the pathogenic substance has been effected,
through the reaction product of the organism affected, and has reached
a certain degree." They believe that the organism previously treated and
injected a second time responds more quickly because the reaction prod¬
ucts are still present in sufficient quantity (in which case we may assume

an immediate reaction will take place) or the organism is able to produce
reaction products more quickly than after a primary injection of serum.

To this they apply the term "hastened reaction power."
Von Pirquet and Schick saw an analogy between the cutaneous

phenomena following reinjection of horse-serum and the tuberculin
reaction. In addition to a so-called shortened incubation period there is
produced an oversensitiveness. They state that this oversensitiveness
"begins in the third week after the first injection, therefore, at about the
time of the appearance of the precipitin." They tested patients injected
with horse-serum very frequently from the day following injection until
the symptoms disappeared, and their experience was the same as that of
Hamburger and Moro; that is, the precipitins were never demonstrated
before the exanthem, but always several days later, and in some instances
continued into the ninth week. The earliest positive precipitin reactions
in eight cases examined were obtained during the third week (three
cases, Nos. 2, 5, 6). These observations threw no new light on the ques¬
tion of the relationship of precipitin formation to exanthems. Von
Pirquet and Schick, while unable to detect any direct relationship
between precipitins and exanthems, nevertheless admit a possible connec¬

tion between the two.
Dehne and Hamburger, from a series of precipitin experiments,

came to the conclusion (1907) that the symptoms of serum sickness are

accompanied by a temporary diminution of the precipitable substance.
The precipitins which have been formed (first formed) are immediately
bound to the precipitable substance. From this work Hamburger and
Pollak draw the conclusion that the diminution of the precipitable sub¬
stance is only the consequence of the precipitin formation which has
taken place, that is, the precipitins which are formed are immediately
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bound by the precipitable substance, and for this reason it is impossible
to demonstrate their presence directly until they have been formed in
abundance. They therefore argue that because they were unable to
detect precipitins until several days had elapsed, it does not prove that
they are not there and that they have no causal relation to serum sick¬
ness as has been assumed by von Pirquet and Schick. On the contrary,
they remark "the very coincidence in time of the demonstration of the
precipitable substance and the occurrence of serum sickness symptoms
speaks for a causal rôle for the precipitins, or the antibodies formed
simultaneously with them." On this reasoning Hamburger and Pollak
assumed that in all probability, if precipitin formation could be demon¬
strated as early as the fourth or fifth day (Dehne and Hamburger),
and if together with this there was a diminution of the precipitable sub¬
stance, the specific sensitiveness to horse-serum should become demon¬
strable much earlier than the appearance of the symptoms of serum
sickness proper. They introduced the intracutaneous test to. determine
if this was so. It will be recalled that von Pirquet and Schick drew
attention to the time relationship of the appearance of precipitins and
the symptoms of oversensitiveness. Thus far evidence tends to show, in
answer to our last question, that the precipitins appear in advance of the
exanthem.

By use of intradermal injections Hamburger and Pollak were able to
demonstrate that specific oversensitiveness is present as a rule on the fifth
or sixth day after a primary injection of horse-serum, and that it
increases in intensity up to the fourteenth day, when the highest degree
of reaction is attained—specific edema. Arthus had previously made
parallel observations on rabbits. These were apparently unknown to
Hamburger and Pollak. To this highest degree of reaction von Pirquet
and Schick gave the term specific edema. In work of this character the
importance of ruling out coreactions, for example, those which occur

after a second dose of tuberculin, must be borne in mind.
Not all children who are treated with horse-serum react to the intra¬

dermal test. Out of fifty children treated by Hamburger and Pollak, one

was found to be refractory. Even after repeated injections of horse-
serum over a period of twelve days, no reaction was obtained. These
observations seem to show quite conclusively that the oversensitiveness
increases gradually. In some cases they were able to obtain a slight reaction
on the second day, and successive reactions increasing in intensity until
the sixth day. Hamburger and Pollak concluded from these experiments
that the degree of specific serum oversensitiveness increases relatively,
and that during this time clinical signs may or may not be present. They
suggest that the increase of oversensitiveness probably depends on the
increase in antibodies (precipitins). In some cases the oversensitiveness
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was so marked that serum diluted 1 to 1,000 gave a reaction. They assume

that during the clinical incubation period antibodies have been present in
the blood for a long time, but their number has not been sufficient to
produce clinical symptoms, and that the antibodies increase in geomet¬
rical rather than in arithmetical progression.

author's experiments

Series I.
Successive Intradermal Injections folloioing
Prophylactic Injections of Diphtheria Antitoxin.

The object of these experiments was to determine in as many cases as

possible the time at which specific oversensitiveness to horse-serum could
first be demonstrated; in other words, the time that elapses from the
first injection of horse-serum until antibodies are demonstrable by the
intracutaneous test.

Method.—Small intradermal injections of 0.5 c.mm. (%cm.3) diphtheria
antitoxin or normal horse serum were made at frequent intervals following the
primary injection of antitoxin. A fine sharp polished hypodermic needle attached
to a 1 c.c. glass syringe graduated in hundredths was used for the injections. The
bulk of fluid injected was, within narrow limits, always the same. The serum
was not diluted. This assured a reiiponse if oversensitiveness had been reached
to the point of showing a visible change in the skin. Control tests with sterile
water, salt solution, and dry sterile needle done many times, enabled me to deter¬
mine quite closely the difference between a traumatic and a specific reaction. The
injections, as the term denotes, were made into and not beneath the skin; as close
to the surface as possible. A proper injection shows a whitish circular eleva¬
tion from 5 to 7 mm. in diameter by 1 mm. in height with a miliary dimpled top
showing that the subepidermoidal tissue is infiltrated with the serum.

The point of inoculation in the interscapular space (back), together with the
sites of intradermal injection, was observed day by day. It gave knowledge as to
whether oversensitiveness showed itnelf during the first twenty-four hours after
injection as well as knowledge of a peculiarity not present in all cases — that of
a marked cutaneous reaction in its vicinity which occurs after oversensitiveness
is reached.

The intradermal method is more reliable for this work than the scratch, or the
boring method of v. Pirquet. We are always assured that a definite amount is
given to and retained by the skin. (A word of caution: this method must not
be employed in making the cutaneous tuberculin test. The absorption is too
great and the dilutions usually made carry large doses of tuberculin. Even the
normal body may react with marked and painful symptoms. )

Intradermal injections of horse serum made for the first time bring about
no visible reaction in the skin until the "clinical incubation period" is passed.

EXPEBIMENTS

Case 1.—Dean S., aged 6 months. May 23, 1912, received 1,000 units diph¬
theria, antitoxin in interscapular space.
Day 1—May 24. First intradermal in left arm 0.5 cm.3
Day 2—May 25. Arm and back negative.
Day 3—May 26. Arm and back neg. Second intradermal in left arm 0.5 cm.3
Day 4—May 27. Arm and back neg. Third intradermal in left arm 0.5 cm.3
Day 5—May 28. Arm and back negative.
Day 6—May 29. Arm and back neg. Fourth intradermal in left arm 0.5 cm.3
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Day 7—May 30. 1, 2, 3 and back negative; 4, red area 5 cm. in diameter.
Day 8—May 31. 1, 2, 3 and back negative; 4 fading.
Day 9—June 1. All negative. Fifth intradermal in right arm.

Day 10—June 2. 1, 2, 3 and 4 negative; 5 red area 6 by 4 cm.

Day 11—June 3. Fifth, fading.
Case 2.—John C, aged 6 months. Congenital lues. May 23 was given 100

units diphtheria antitoxin for the first time in the interscapular space.
Day 1—May 24. First intradermal in arm 0.5 cm.3
Day 2—May 25. Arm and back negative.
Day 3—May 26. Arm and back negative. Second intradermal 0.5 cm.3
Day 4—May 27. Arm and back negative. Third intradermal 0.5 cm.3
Day 5—May 28. 1, 2 and back negative; 3 hyperemic 5 mm. diam., trauma.
Day 6—May 29. 1, 2 3 and back negative; 4 intradermal 0.5 cm.3
Day 7—May 30. Arm and back negative.
Day 8—May 31. Arm and back negative.
Day 9—June 1. Arm and back negative; 5 intradermal 0.5 cm.3
Day 10—June 2. Arm and back negative.
Day 11—June 3. Arm and back negative.
Day 40—July 13. Sixth intradermal.
Day 41—July 14. Distinct characteristic pink reaction 7 mm. in diameter.
Day 42—July 15. Negative.

Case 3.—Zena B., aged 8 months. Orthopedic case. May 23 received 100
units diphtheria antitoxin in interscapular space for the first time.
Day 1—May 24. First intradermal 0.5 cm.3 in arm.

Day 2—May 25. Arm and back negative.
Day 3—May 26. Arm and back negative. Second intradermal 0.5 cm.3 in arm.

Day 4—May 27. Arm and back negative; 3 intradermal 0.5 cm.3 in arm.

Day 5—May 28. 1, 2 and back negative; 3 faint hyperemia.
Day 6—May 29. 1, 2 and back negative; 3 faint as before; 4 intradermal

0.5 cm.3 in thigh.
Day 7—May 30. 1, 2. 3 and back negative; 4 red area on thigh 1 cm. in diam.
Day 8 May 31. 1, 2, 3 and back negative; 4 erythema 1.5 cm. in diameter.
Day 9—June 1. All negative; 5 intradermal 0.5 cm.3 serum in thigh.
Day 10—June 2. 1, 2, 3, 4 and back negative; 5 on thigh very red area 1 cm.

in diameter.
Day 11—June 3. All negative.

Case 4.—Katherine J., aged 9% months. May 23 was given 1,000 units of
diphtheria antitoxin in the interscapular space for the first time.
Day 1—May 24. First intradermal injection 0.5 cm.3 serum, left arm.

Day 2—May 25. Arm and back negative.
Day 3—May 26. Arm and back negative; 2 intradermal 0.5 em.3, left arm.

Day 4—May 27. Arm and back negative; 3 intradermal 0.5 cm.3, left arm.

Day 5—May 28. 1, 2 and back negative; 3 shows characteristic hyperemia
1 cm. in diameter.

Day 6—May 29. 1, 2 and back negative; 3 fading; 4 intradermal given
0.5 cm.3 right arm.

Day 7—May 30. 1, 2, 3 and back negative; 4 shows a red area 1 cm. in diam.
Day 8—May 31. 1. 2, 3 negative; 4 fading.
Day 9—June 1. Fifth intradermal 0.5 cm.3, right thigh. All negative.
Day 10—June 2. 1, 2, 3, 4 neg.; 5, 2 by 1 cm. hyperemia.
Day 11—June 3. All negative.

Case 5.—Melville W., aged 1% years. May 23 was given 1,000 units of diph¬
theria antitoxin in the interscapular space.
Day 1—May 24. First intradermal on arm 0.5 cm.3
Day 2—May 25. Arm and back negative.
Day 3—May 26. Arm and back negative; 2 intradermal in arm 0.5 cm.3
Day 4—May 27. Arm and back negative; 3 intradermal in arm 0.5 cm.3
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Day 5—May 28. 1, 2, arm and back negative; 3 red indurated area 0.5 cm.

in diam. ; looks like trauma.
Day 6—May 29. 1, 2, 3 and back negative; 4 intradermal in arm 0.5 cm.5
Day 7—May 30. 1, 2, 3, 4 and back negative.
Day 8—May 31. 1, 2, 3, 4 and back negative.
Day 9—June 1. 1, 2, 3, 4 and back neg.; 5 intradermal in thigh 0.5 cm.'
Day 10—June 2. 1, 2, 3, 4 and back negative; 5 on thigh faintly positive.

June 3, all negative.
Case 6.—Noel B., aged 3Ye years. Chronic meningitis. May 23, 1912, was

given 1,000 units of diphtheria antitoxin in the interscapular space. May 24
intradermal injection of 0.5 cm.3 serum was given in arm.

Day 1-—May 25. No reaction in arm or back.
Day 2-—May 26. A second intradermal injection of 0.5 cm.3 below the first.
Day 3—May 27. No reaction occurred. A third intradermal 0.5 cm.3 given.
Day 4—May 28. No reaction at site of first intradermal or back. Question¬

able reaction at site of second intradermal. Area 1 cm.

in diameter; hyperemia at site of third intradermal.
Day 5—May 29. Back negative. Fourth intradermal given. Site of first

intradermal negative. Site of second intradermal a pink
area of hyperemia 2.5 cm. in diameter with a yellowish
center. No induration. Site of third intradermal deeper
red hyperemia. 2.5 cm. in diam.

Day 6—May 30. First intradermal and back negative. Second intradermal
bright red hyperemia 2.5 by 5 cm. in diam. Third intra¬
dermal negative. Fourth intradermal deep red area
0.5 cm. in diam.

Day 7—May 31. Back negative. First intradermal negative. Second intra¬
dermal red area 4 by 3.5 cm. in diam. Third and fourth
fused, forming a red indurated area 6 by 7.5 cm.

Day 8—June 1. Back negative; 1 and 2 negative; 3 and 4 same size as yester¬
day, but fading. A fifth intradermal of 0.5 cm.3 given
in thigh.

Day 9—June 2. 1, 2, 3 and 4 all faint, probably from fusing of 3 and 4
(all in arm) ; 5 on thigh 3.5 by 3.5 cm. area of bright red.

Day 10—June 3. All negative.
Case 7.—-Earl S., aged 4 years. Orthopedic. May 22, 1912, was given 1,000

units of diphtheria antitoxin in the interscapular space for the first time.
Day 3—May 25. First intradermal 0.5 cm.3 serum in arm.

Day 4—May 26. Arm and back negative; 2 intradermal 0.5 cm.3 in arm.

Day 5—May 27. All negative.
Day 6—May 28. 1, 2 and back negative. Third intradermal 0.5 em.3 in arm.

Day 7—May 29. 1, 2, 3 and back negative; 4 intradermal 0.5 cm.3 in arm.

Day 8—May 30. 1, 2, 3 and back negative; 4 questionable area 5 cm. in diam.
Day 9—May 31. All negative.
Day 10—June 1. All negative. Fifth intradermal.
Day 11—June 2. 1 and back negative; 2, 3 and 4 show characteristic red

areas; 5 shows a red slightly indurated area on the
thigh 2 by 3 cm.

Day 12—June 3. All very positive with slight itching; no induration;
5, 4 by 4 cm.

Day 13—June 4. All on arm very marked. Urticaria on right leg and left
face. Fifth on thigh fading.

Case 8.—Clifford H., aged 4 years. Tuberculous knee. Had 1,000 units anti¬
toxin ten weeks ago. May 23, 1912, given a second dose of 1,000 units in inter¬
scapular space.
Day 1—May 24. First intradermal in left arm 0.5 cm.'
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Day 2—May 25. Arm shows beginning diffuse redness 1 cm. in diameter.
Back shows a similar area around point of injection.

Day 3—May 26. Redness on arm and back fading; 2 intradermal in arm
0.5 cm.3

Day 4—May 27. 1 and back negative; 2 positive red area, not measured;
3 intradermal in arm 0.5 cm.3

Day 5—May 28. 1 and back negative; 2 very red area 5.5 cm. in diameter
with yellowish center 1 cm. in diameter, but irregular.
Area about 4 cm. in diameter, irregular central portion,
yellowish wheal, periphery bright red hyperemia with
irregular border.

Fig. 1.—Clifford H. Case 8. Showing the reappearance of a reaction at the
site of the first intradermal injection (1). On the previous day this area was

entirely negative, while two and three were positive ; three had been made twenty-
four hours previously, but had induced no reaction at one until after forty-eight
hours, at which time the picture was taken. See text page 262.

Day 6—May 29. Back negative; 1, 3.5 em. in diameter, mottled rose red area;
2, 4 cm. in diameter, fairly uniform redness, with yellow
center about 0.5 cm. ; 3, 4 cm. in diameter, pale center
about 5 cm. in diameter, with a rich bright rose per¬
iphery; 4, intradermal in arm 0.5 cm.3
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Day 7—May 30. Back negative; 1, 4 by 5 cm. in diameter; mottled;
2, 5 by 5 cm. in diameter, fine pink mottling; 3, 5 by
4.5 em., fine pink mottling; 4, 5.5 by 4.5 cm. in diameter,
deeper red, particularly around the periphery, with slight
induration.

Day 8—May 31. Back negative; 1, 5.5 by 5 cm., fading, but markedly mottled;
2, 5.0 by 4.5 cm., marked redness; 3, 5.5 by 5 cm., very
marked red mottling; 4, 4.0 by 6 em., uniform redness,
no induration.

Day 9—June 1. All about the same size, but all are fading; 5 intradermal
0.5 cm.3 in thigh and other arm.

Day 10—June 2. All positive, brighter than yesterday; 4 and 5 fused, form¬
ing a red area 6 by 9 cm., with urticaria lesions above;
5 on right arm positive.

Day 11—June 3. All on left arm negative; right arm erythema 6 by 6 cm.
See Fig. 1.

Day 40—July 13. 6 intradermal at two points, about 1.5 cm. apart.
Day 41—July 14. Both show an inner area 7 by 12 mm., irregular red and

an outside diffuse fusing area 50 by 65 mm.

Day 42—July 15. All negative.
Day 146—Nov. 27. Intradermal 0.5 cm.3 in right arm.

Day 147—Nov. 28. Mottled area 9 by 5 mm., faint pink becoming marked rose
red on gentle rubbing. There are a few elevated points,
but no distinct urticaria; induration. Back negative.

Day 148—Nov. 29. Area 10 by 3 mm., distinctly mottled rose red.
Day 149—Nov. 30. Area fading, almost invisible.
Day 151—Dec. 2. There is an erythematous mottling 10 by 5 mm., and marked

itching this morning. There is one marked wheal but
no general induration of the area.

Day 152—Dec. 3. The arm is entirely negative. Redness not excited by gentle
rubbing.

Day 153—Dec. 4. Negative.
Day 156—Dec. 7. Arm negative; 8 intradermal, 0.5 cm.3 in left arm.

Day 158—Dec. 9. There is a fading area 4 mm. in diameter.
Day 159—Dec. 10. Greenish discoloration 4 cm. in diameter.
Day 285—Apr. 15. 9 intradermal.
Day 286—Apr. 16. Very marked reaction, swelling and erythema over entire

flexor surface of forearm.
Day 287—Apr. 17. Erythema continues with several large urticarial wheals.

Case 9.—Harold S., aged 5 years. Was given 1,000 units diphtheria antitoxin
May 23 in the interscapular space. First antitoxin.
Day 1—May 24. First intradermal in arm 0.5 cm.3
Day 2—May 25. Arm and back negative.
Day 3—May 26. Arm and back negative. Second intradermal in arm 0.5 cm.3
Day 4—May 27. 1 and 2 show distinct redness. Back negative. Third intra¬

dermal 0.5 cm.3
Day 5—May 28. 1 negative; 2 very red hyperemic area, 7 mm. in diameter,

yellow center; 3 similar area 5 cm. in diam.; wheal-like
center.

Day 6—May 29. Back negative; 4 intradermal left thigh 0.5 cm.3; 1 negative;
2 almost invisible area 2.5 cm. in diameter; 3 almost
invisible area 1.25 cm. in diameter.

Day 7—May 30. 1, 2, 3 and back negative; 4, slightly indurated red area
on left thigh 1 em. in diameter.

Day 8—May 31. 1, 2, 3 and back negative; 4, 2 cm. in diameter, uniform red.
Day 9—June 1. 1, 2, 3 and 4 negative; 5 intradermal 0.5 cm.3
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Day 10—June 2. 1, 2, 3, 4 and back negative; 5 shows hyperemic area 6 by 5
cm.; no induration.

Day 11—June 3. 1, 2, 3, 4 and 5 negative.
Case 10.—Joe K., aged 5 years. May 23 was given 1,000 units of diphtheria

antitoxin in the interscapular space. First antitoxin.
Day 1—May 24. First intradermal in left arm 0.5 cm.3 serum.

Day 2—May 25. Arm and back negative.
Day 3—May 26. Arm and back negative; 2 intradermal 0.5 cm.3
Day 4—May 27. Arm and back negative; 3 intradermal 0.5 cm.3
Day 5—May 28. 1, 2, 3 and back negative.
Day 6—May 29. 1, 2, 3 and back negative; 4 intradermal 0.5 cm.3
Day 7—May 30. Back negative; 1 faint reaction, 1 cm. in diameter; 2 bright

red area, 2.5 by 3.5 cm. ; 3 bright red area, 2.5 by
2.5 em.; 4 indurated, itching red area 2 by 4.5 cm.

Day 8—May 31. Back negative; 1, 2.5 by 3 cm., fading red area, yellow
center; 2 area fading, 3 by 3 cm.; 3 almost entirely
faded; 4 red, slightly indurated area, 5 by 4 cm.

Day 9—June 1. Back negative; 1, 2, 3 and 4 negative; 5 intradermal
0.5 cm.3 in thigh.

Day 10—June 2. Back negative; 1, 2, 3 and 4 negative; 5 faint red area,
3 by 4 cm. in diameter, on thigh.

Day 11—June 3. 1, 2, 3, 4, 5 and back negative.
Case 11.—Ruth F., aged 5 years. May 23 was given 1,000 units of diphtheria

antitoxin for the first time in the interscapular space.
Day 1—May 24. First intradermal injection 0.5 cm.3 serum.

Day 2—May 25. Arm and back negative.
Day 3—Maj' 26. Arm and back negative; 2 intradermal 0.5 cm.3
Day 4—May 27. Arm and back negative; 3 intradermal 0.5 cm.3
Day 5—May 28. 1, 2 and back negative; 3 shows characteristic hyperemia

0.5 em. in diameter.
Day 6—May 29. 1 and back negative; 4 intradermal 0.5 cm.3; 2 fusing with 3;

3 shows hyperemia 1 cm. in diameter.
Day 7—May 30. 1, 2, 3 and back negative; 4 red area 1.5 em. in diameter.
Day 8—May 31. 1, 2, 3 and back negative; 4 still very positive, 2.5 em. in

diameter, but fading. Patient left hospital.
Case 12.—Lulu Q., aged 6 years. Diphtheria. May 23 was given 1,000 units

of diphtheria antitoxin for the first time.
Day 1—May 24. First intradermal injection 0.5 c.c. in arm.

Day 2—May 25. Arm and back negative.
Day 3—May 26. Arm and back negative; 2 intradermal 0.5 cm.3
Day 4—May 27. Arm and back negative; 3 intradermal 0.5 em.3
Day 5—May 28. Arm and back negative.
Day 6—May 29. Arm and back negative; 4 intradermal 0.5 cm.3
Day 7—May 30. 1, 2 and back negative; 3 shows a pink mottled area 2.5 cm.

in diameter; 4 similar pink area fusing with 3 began
to appear last evening; 3 did not get red until this
morning.

Day 8—May 31. 1, 2, 3, 4 and back negative.
Day 9—June 1. 1, 2, 3, 4 and back negative; 5 intradermal injection, 0.5 cm.3
Day 10—June 2. All negative.
Day 11—June 3. All negative.

Case 13.—Louise 0., aged 6 years. Fracture case. May 23 was given 1,000
units of diphtheria antitoxin for the first time.
Day 1—May 24. First intradermal 0.5 em.3 in arm.

Day 2—May 25. Arm and back negative.
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Day 3—May 26. Arm and back negative; 2 intradermal in arm, 0.5 cm.3
Day 4—May 27. 1, 2 and back negative; 3 intradermal in arm.

Da}7 5—May 28. 1, 2 and back negative; 3 hyperemia 0.5 cm. in diameter
(traumatism) ; 4 intradermal in arm; 0.5 c.e.

Day 6—May 29. 1, 2, 3 and 4 negative.
Day 7—May 30. 1, 2, 3 and 4 negative. Back shows an area 2.5 em. in

diameter at site of injection. Erythema over both knees.
( Serum sickness. )

Day 8—May 31. 1, 2, 3, 4 and back negative.
Day 9—June 1. One and back negative; 2, 3 and 4 positive; 5 intradermal.
Day 10—June 2. All negative.
Day 11—June 3. All negative.
Day 12—July 13. Sixth intradermal.
Day 13—July 14. Negative.
Day 14—July 15. Negative.
Day 149—Nov. 27. Sixth intradermal 2 cm3 diphtheria antitoxin.
Day 150—Nov. 28. There is a mottled area 10 by 5 mm. made up of red blotches.

There are no elevated spots. The red area is increased
in intensity by gently rubbing.

Day 151—Nov. 29. The point of injection is negative. Not excited by rubbing.
Day 152—Nov. 30. The point of injection is negative. Not excited by rubbing.
Day 154—Dec. 2. The point of injection is negative. Not excited by rubbing.
Day 155—Dec. 3. The point of injection is negative. Not excited by rubbing.

Case 14.—James H., aged 7 years. May 23 was given 1,000 units diphtheria
antitoxin in the interscapular space. First antitoxin.
Day 1—May 24. First intradermal in arm 0.5 cm.3
Day 2—May 25. Arm and back negative.
Day 3—May 26. Arm and back negative; 2 intradermal 0.5 cm.3 serum.

Day 4—May 27. 1, 2 and back negative; 3 intradermal 0.5 cm.3
Day 5—May 28. 1, 2, 3 and back negative.
Day 6—May 29. 1, 2, 3 and back negative; 4 intradermal 0.5 cm.3
Day 7—May 30. 1, faint mottling around point of injection, back negative;

2, 3 negative; 4 pink, slightly indurated area 2.5 cm.
in diameter.

Day 8—May 31. 1, 2 and back negative; 3 fading, almost invisible; 4 area
3 by 4 cm., fading.

Day 9—June 1. 1, 2, 3 and back negative; 4 fading; 5 intradermal 0.5 cm.8
in thigh.

Day 10—June 2. 1, 2, 3, 4 and back negative; 5, 2.5 cm. in diameter, red
hyperemic area.

Day 11—June 3. All negative.
Case 15.—Agnes B., aged 9 years. May 23 received 1,000 units of diphtheria

antitoxin for the first time.
Day 1—May 24. First intradermal injection 0.5 cm.3 serum.

Day 2—May 25. Arm and back negative.
Day 3—May 26. Arm and back negative; 2 intradermal, 0.5 cm.3
Day 4—May 27. Arm and back negative; 3 intradermal, 0.5 cm.3
Day 5—May 28. 1, 2, 3 and back negative; 4 intradermal, 0.5 cm.3
Day 6—May 29. Back shows a slightly elevated and indurated area over site

of injection 5 by 2 cm. in diameter, one or two wheals;
1 negative; 2 shows a red mottling 1.5 cm. in diameter;
3 similar mottling, 2 cm. in diameter; 4 iaint pink area

2 by 2.5 cm.

Day 7—May 30. Back negative; 1, 2 and 3 fused, 10.5 by 4 em.; 4 shows an

area of urticaria 4 em. in diameter.
Day 8—May 31. Back negative; 1, 2 and 3 fused as above, but not so red;

4 shows redder area this morning 5 by 4 cm.
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Day 9—June 1. Back negative; 1, 2 and 3 fading; 4 on thigh shows an area

of redness 10.5 by 5 cm.; fifth intradermal injection,
0.5 cm.3, given one hour ago, shows a hyperemic area

2.5 cm. in diameter.
Day 10—June 2. 1, 2, 3, 4 negative; 5 faint area 4 by 2.5 cm.; back negative.
Day 11—June 3. 1, 2, 3, 4 and back negative; 5 shows a faint area of erythema

10 cm. in diameter.
Day 12—June 4. Slight erythema over knees. (Operated yesterday p. m.)

Case 16.—Crystal B., aged 11 years. May 23 was given 1,000 units diphtheria
toxin for the first time.
Day 1—May 24. First intradermal 0.5 cm.3 serum.

Day 2—May 25. Arm and back negative.
Day 3.—May 26. Arm and back negative; 2 intradermal 0.5 cm.3
Day 4—May 27. Arm and back negative; 3 intradermal 0.5 cm.3
Day 5—May 28. 1 and back negative; 2 bright red irregular mottled area

1 cm. in diameter; 3 marked pink mottled area with
uniform pink center and small macular spots around,
hyperemic 1.5 cm. in diameter.

Day 6—May 29. Back negative; 1 mottled area 1.5 cm. in diameter, pink;
2 deep hyperemic pink area with light center 2 cm. in
diameter; 3 deep pink hyperemic area with pale center
4 by 3 em. in diameter; 4 intradermal 0.5 cm.3

Day 7—May 30. Back negative; 1 mottled red area 2 cm. in diameter; 2
uniform red area, 2 cm. in diameter; 3 uniform red
area 3 by 4 cm.; 4 on thigh deep red slightly indurated
area 3 cm. in diameter; marked itching in the arm.

Day 8—May 31. Back negative; 1 fading; 2 fading; 3 fading; all still red
and mottled ; 4 red area 4 by 3 cm.

Day 9—June 1. 1, 2, 3 same as yesterday; back negative; 4 same as yester¬
day; 5 intradermal 0.5 cm.3 serum. An hour later a red
area 4 by 2.5 cm.

Day 10—June 2. 1, 2, 3 and back negative; 4 area 3 cm. in diameter, fading;
5 bright red area 6 cm. in diameter, no induration.

Day 11—June 3. 1, 2 and 3 have brightened up a distinct faint red and
macular; 4 red area 4 by 4 cm. in diameter; 5 bright
red hyperemia 7.5 by 5 cm.

Day 12—June 4. Erythema continues on both arms. (Operated in surgical
clinic yesterday.)

Case 17.—Adrian W., aged 13 years. May 22, 1912, was given 1,000 units of
diphtheria antitoxin in the interscapular space.
Day 3—May 25. First intradermal 0.5 cm.3 serum.

Day 4—May 26. Arm and back negative; 2 intradermal 0.5 cm.3 serum.

Day 5—May 27. Arm and back negative.
Day 6—May 28. Back negative; 1 shows faint pink area 2.5 cm. in diameter

with yellow center; 3 intradermal 0.5 cm.3 serum;
2 shows an area 2.5 cm. in diameter, bright pink, macular.

Day 7—May 29. 1 and back negative; 2 fading; 3 same size, red and indu¬
rated ; 4 intradermal injection in thigh, 0.5 cm.3

Day 8—May 30. 1 and back negative; 2 mottled and fading; 3, 3 by 2.5 cm.,
pink ; 4, 4.5 by 3 cm., red induration ; 3 and 4 itching,
3 began to itch several hours before 4. Slight itching
at puncture wound in back.

Day 9—May 31. 1, 2 and back negative; 3 fading; 4 uniform pink area,
slightly indurated, 5 by 6.5 cm.

Day 10—June 1. All negative. Fifth intradermal 0.5 cm.3 in thigh.
Day 11—June 2. 1, 2, 3, 4 and back negative; 5 shows a faint pink area

2.5 cm. in diameter.
Day 12—June 3. All negative.
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Case 18.—Miss O., aged 21 years. May 23, 1912, was given 2,000 units of
diphtheria antitoxin in the interscapular space for the first time.
Day 2—May 25. First intradermal in arm 0.5 cm.3 serum.

Day 3—May 26. Arm and back negative; 2 intradermal 0.5 cm.3 in arm.

Day 4—May 27. Arm and back negative.
Day 5—May 28. Back negative; 1 shows an irregular blotchy marked redness

without induration 3 by 2.5 cm.; 2 same; 3 intradermal
0.5 cm.3 serum in arm.

Day 6—May 29. Back negative; 1 shows uniform redness 3 cm. in diameter;
2 similar redness 5.5 cm. in diameter; 3 similar redness
5 by 4 cm. in diameter, fusing with 2.

Day 7—May 30. 1, 2, 3 positive; back negative; slight signs serum sickness.
Day 8—May 31. 1, 2, 3 fading; back negative.
Day 9—June 1. 1, 2, 3 fading, back negative; 4 intradermal 0.5 c.c. serum.

Day 10—June 2. 1, 2, 3 positive; 4, 7.5 cm. in diameter, all bright red; back
negative.

Case 19.—Miss C, aged 21 years. May 23 was given 2,000 units of diphtheria
antitoxin for the first time in the interscapular space.
Day 2—May 25. First intradermal 0.5 cm.3 serum in arm.

Day 3—May 26. Arm and back negative; 2 intradermal 0.5 cm.3 in arm.

Day 4—May 27. 1, 2 and back negative.
Day 5—May 28. 1 faint pink area 2.5 cm. in diameter; 2 uniform red area

2.5 cm. in diameter. Back shows an irregular blotchy
redness around site of injection 2.5 cm. in diameter; 3
intradermal 0.5 c.c. serum.

Day 6—May 29. Back negative; 1 faint diffuse redness; 2 red area 4 em. in
diameter ; 3 reported as very large last night. This morn¬

ing shows a red indurated area 2 cm. in diameter; 4
intradermal 0.5 c.c. in arm.

Day 7—May 30. 1 and back negative; 2 area 4.5 by 4.5 cm.; 3 area 6 by 4 cm.;
4 area 5 by 5 fusing with 3, marked induration. Patient
says that just as one spot begins to disappear it starts
to itch. Second itching to-day; first has stopped.

Day 8—May 31. 1, 2 and back negative; 3 and 4 fading.
Case 20.—Mrs. R., April 23, 1912, was given 1,000 units diphtheria antitoxin

in the interscapular space for the first time.
Day 7—April 30. 9:30 a. m., 15 minims serum was given intradermally in

the left arm. There is a reddened itching area 12 by 12
inches over back of right shoulder in region of original
inoculation; 7 p. m., 6 by 4 inches in diameter over the
arm; very marked redness and infiltration, which is
sharply defined, with whitish center, itching.

Day 8—May 1. 8:30 a. m., reddened area over whole upper arm; infiltration
more marked; itching; 4:30 p. m., no change in appear¬
ance, but the arm is more tender.

Case 21.—Mrs. P. April 23, 1912, 1,000 units of diphtheria antitoxin given
in the interscapular space for the first time.
Day 7—April 30. 9:30 a. m., 15 minims of serum intradermally in the left

upper arm; 7:00 p. m., slight reddening and infiltration
about area of injection.

Day 8—May 1. 8:30 a. m., reaction is more marked, redder; more infiltra¬
tion, itching at point of injection and under arm. 11:00
a. m., redness increasing, rubbing over the area of injec¬
tion in the back produces redness. Rubbing on the oppo¬
site side produces no redness. 4:30 p. m., the area on
arm has become tender, itches and shows a secondary
areola.

Downloaded From: http://archpedi.jamanetwork.com/ by a Michigan State University User  on 06/12/2015



Case 22.—Mrs. M. April 23, 1912, was given 1,000 units of diphtheria anti¬
toxin in the interscapular space for the first time.
Day 7—April 30. 9:30 a. m., 8 minims of serum given intradermally in left

arm. Noon, urticarial eruption about site of original
injection in the back, with itching. 7:00 p. m., slight
urticarial area above point of injection on arm.

Day 8—May 1. 8:30 a. m., reaction more marked, redder, very little infil¬
tration. 11:00 a. m., 4 cm. in diameter on arm. Infil¬
tration and hyperemia more marked, tenderness, no itch¬
ing. No urticaria on back, but a diffuse redness
10 by 5 cm. 4:30 p. m., no change.

Day 9—May 2. Patient complained of itching over the back and chest dur¬
ing the night.

Case 23.—Mrs. B. April 23, 1912, 1,000 units of diphtheria antitoxin in
interscapular space for the first time.
Day 7—April 30. 9:30 a. m., 8 minims of serum intradermally left upper arm.

7:00 p. m., there is an area of urticaria 6 by 6 inches
the site of original injection; also an area of reddening
and marked infiltration 4 by 3 inches on left upper arm.

Day 8—May 1. 8:30 a. m., the reaction on the back has decreased. The area
on the arm has increased, but the infiltration is less
marked. 4:30 p. m., still less infiltration. The area

over the arm is blotchy red in character and itching.
Patient discharged before another observation could be
made.

Case 24.—Mrs. P. A. April 23, 1912, 1,000 units diphtheria antitoxin in the
interscapular space for the first time.
Day 7—April 30. 9:30 a. m., 15 minims of serum in left arm intradermally;

7:00 p. m., negative.
Day 8—May 1. 8:30 a. m., diffuse red area with infiltration, itching and

tenderness 5 by 8 cm. over arm; 4:30 p. m., no change;
2 more diffuse redness. Line of infiltration less defined.
3, reaction more marked, more diffuse. No note on
back.

Case 25.—Mrs. Pal. April 23, 1912, 1,000 units diphtheria antitoxin for the
first time in the interscapular space.
Day 7—April 30. 9:30 a. m., 15 minims of serum intradermally in left arm.

7:00 p. m., there is a swollen faint red infiltrated area
10 by 5 cm. over arm.

Day 8-—May 1. 8:30 a. m., reaction same as last night. Redness produced
on slight rubbing. Slight flush about original injection
in back. 4:30 p. m., infiltration marked. Tender but
no larger.

Day 9—May 2. Reaction less noticeable. Some itching.
Day 10—May 3. Reaction has disappeared.

Case 26.—Mrs. T. April 23, 1912, 1,000 units diphtheria antitoxin for the
first time in back.
Day 7—April 30. 9:30 a. m., 8 minims of serum in left upper arm intrader¬

mally. 7:00 p. m., slight tenderness about point of
injection on arm; no other reaction.

Day 8—May 1. 8:00 a. m., no change. 11:00 a. m., there is a raised infil¬
trated area on the arm 4 by 4 cm.; on the back there is
diffused urticarial eruption. 4:30 p. m., same as last note.

Day 9—May 3. Reaction has disappeared.
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Case 27.—Mrs. H. April 23, 1912, 1,000 units of diphtheria antitoxin in left
flank for the first time.
Day 7—April 30. 9:30 a. m., 8 minims of serum intradermally in left upper

arm. 7:00 p. m., there is an area of infiltration and itch¬
ing 5 by 3 cm. about the point of injection on arm.
There is also a red rash about the original point of injec¬
tion in left flank.

Day 8—May 1. 8:30 a. m., area on arm redder, more infiltrated 7.5 by 5 cm.;
flank remains same.

Day 9—May 2. The area on the arm is more diffuse at 11 a. m., 6 by 10 cm.,
and redder.

Day 10—May 3. Area on arm still more diffuse. No note on flank.
Case 28.—Mrs. W. April 23, 1,000 units of diphtheria antitoxin in back for

first time.
Day 9—May 2. 7:00 p. m., 10 minims intradermally in upper right arm.

Day 10—May 3. 9:00 a. m., there is an area of slight swelling on the arm
5 by 8 cm., with very little redness. 3:30 p. m., the reac¬
tion is more marked, more diffuse; very little infiltra¬
tion and redder. No note on back.

Case 29.—Mrs. H. A. April 23, 1,000 units of diphtheria antitoxin in back
for first time.
Day 5—April 28. 8:00 p. m., there is an area on the right shoulder 8 by 8 cm.,

just above point of injection of antitoxin. Slightly swol¬
len, red and itching. (Nurse's note.)

Day 6—April 29. Area on right shoulder still red but swollen. (Nurse's
note. )

Day 9—May 2. 7 minims of serum, intradermally in left upper arm.

Day 10—May 3. 9:00 a. m., there is an area of marked redness and infiltra¬
tion 5 by 8 cm., over point of injection on arm.

Day 11—May 4. 3:30 p. m., no change. No note about back.
Case 30.—Miss W., May 1, 1912, 1,000 units of diphtheria antitoxin in back

for the first time, 4:30 p. m.

Day 3—May 4. 9 a. m., 8 minims of serum intradermally in left arm;
7 p. m., no reaction. Patient discharged; no further
observations could be made.

Note.—I am indebted to my staff assistant, Mr. Paul Schule, for observations
on the adult cases, most of which I confirmed.

ANALYSIS OF OBSERVATIONS; SERIES I

Thirty individuals whose ages varied from 6 months to middle adult
life were sensitized to horse-serum by means of prophylactic injections of
diphtheria antitoxin. Of these, seventeen were children and thirteen
adults. Ninety-four per cent, of these cases reacted to the cutaneous
test. One of the children (No. 2) was found to be refractory; that is,
after repeated intradermal injections sensitization could not be demon¬
strated up to the tenth day of the experimental period. However,
specific oversensitiveness was demonstrated in this ease on the forty-
first day. One adult (30) did not remain long enough for specific sensi¬
tiveness to occur and accordingly cannot be counted in the total. One
hundred per cent, of the adults responded to the test ; 94 per cent, of the
children. (See later notes on these cases.)
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Time of Reaction.—Of the nineteen cases which were closely observed
specific oversensitiveness was first demonstrable on the

Second dayin. 1 case*
Fourth dayin. 1 case
Fifth dayin. 7 cases
Sixth dayin. 1 case
Seventh dayin. 5 cases
Ninth dayin. 1 case
Tenth dayin.2 cases
No reaction in. 1 case

Total.19 cases
* No. 8 reinjection case.

Duration of Reaction.—With the exception of one, all reacting cases

remained sensitive throughout the first experimental period of eight to
twelve days. One (12) reacting positive on the seventh clay, did not
react after an intradermal given on the ninth day. Another (13) became
positive on the ninth day, four days after the fourth intradermal, but-
refused to respond to a fifth intradermal given on this day. The refrac¬
tory case (No. 2) reacted positive on the forty-first day. We have many
instances in which sensitization, as recognized by the intradermal reac¬

tion, continues for many months. This is so whether the patient has
received a large or a small initial dose of horse-serum. For example,
Veronica H. received 1,000 units (6 to 7 c.c.) of antitoxin Oct. 30, 1912.
She reacted to an intradermal injection November 27 and to another
intradermal April 16, 167 days after first injection. Dec. 3, 1912, Velma
C. received 2 cm.3 antitoxin intradermally for the first time, a second
intradermal three days later, and on the following day a third intrader¬
mal. She reacted on the sixth day (probably on the fifth, as the reac¬
tion looked like a fading reaction, and no observation was made on the
fifth). Later response was obtained at site of previous injection, showing
that she was thoroughly sensitized. The maximum amount of horse-
serum used was 4.5 cm.3 April 16, 134 days after the first injection, she
reacted more vigorously than at any other time.

To return to our so-called refractory case, John C. (No. 2). This
infant received his fifth intradermal injection on the ninth day. A neg¬
ative result followed throughout the rest of the experimental period of
thirteen days. With the exception of one (No. 7) all the other children
reacted positive before this time. No. 7 was overlooked in making the
injections on the ninth clay and received his fifth intradermal on the
tenth day. He had given a questionable reaction on the eighth day,
but now reacted most vigorously. It is, of course, possible that John
would have done the same had he received an injection on the tenth day.
However, at no time did he show even a questionable reaction. On the
forty-first day he received his sixth intradermal injection, which resulted
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in an entirely positive and typical reaction. Hamburger and Moro had
a similar experience in which no oversensitiveness was demonstrable up
to the twelfth day. They did not, however, make any tests later than
this time. A very interesting question hinges on this point. We are
referred back to the experiments of Bosenau and Anderson previously
cited, which would argue that this infant was immune,8 and to those of
Gay and Southard, which showed that Bosenau and Anderson's animals
were not really immune, but because of the large dose of serum they
received were rendered insusceptible,9 to become susceptible or sensitive
at a later time. The experience encountered in my case would support
the latter view and may be explained on these grounds. Just how far this
hypothesis may be used to explain the peculiar light reactions in the
children below 4 years of age referred to later is not at the present time
easy to decide. The magnitude of the skin reaction seems to be in pro¬
portion to the degree of oversensitiveness.

Another interesting point bearing on this topic is the fact disclosed
in experiments of Series 3. The four children here recorded received as

their initial dose a very small amount of horse-serum. Specific oversensi¬
tiveness to an intradermal injection occurred after the same time interval
necessary for the larger initial injection had elapsed. That is, the reac¬

tion occurred no sooner and no later than is the rule with the larger
initial injection.

Local and General Character of the Reaction of the Organism.—In
the beginning of work of this character a question arose as to whether
these intracutaneous reactions were purely local in nature. The work
on the cutaneous tuberculin test, on cow-pox vaccination and on serum

sickness (Arthus, Hamburger, v. Pirquet and others), as well as my
own observations, shows conclusively that the cutaneous reaction is an

expression of a reaction of the entire organism. For example, all
patients received their immunizing dose of antitoxin in the interscapular
space. The intracutaneous tests were made at a remote point, arms and
thighs. The location made no difference in the character or time of
the reaction. Arthus determined this point by giving the primary injec¬
tion intraperitoneally and Knoepfel mâcher by excision of the developing
vaccination lesion before it was full blown. A peculiar experience, how¬
ever, was encountered in the susceptibility of some patients to reaction
at the original site of inoculation, the interscapular space. Of the
twenty-seven positive cases among the children, there were three (Nos.

8. Indeed it is easy to determine that this infant, as well as all the others,
received a comparatively much larger dose of horse serum than did the older chil-
dren and the adult cases. Hence the concentration of the horse serum in these
infants is analogous to that in the guinea-pigs of Rosenau and Anderson.

9. Besredka and Steinhardt apply the term anti-anaphylaxis to this phe-
nomenon. See foot note 3.
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8, 13, 17) which reacted in the interscapular space and one which showed
a questionable reaction, not up to the threshold of cutaneous manifesta¬
tion. Of the positive adult cases, nine reacted in the interscapular
space (19, 20, 21, 22, 23, 25, 26, 27). The reaction at the site of the
original injection was simultaneous or coincident with the appearance
of the first positive intracutaneous reaction in nine cases (8, 15, 20, 21,
22, 23, 25, 26, 27). In others the reaction preceded or followed the
appearance of the intracutaneous reaction.

From this experience it may be determined that the reaction at the
site of primary injection is an expression of a high degree of oversensi¬
tiveness. With the exception of one, all cases responding in the back
gave marked reactions on the arm.

Another interesting observation in this series is the response of pre¬
viously negative areas to a renewed injection of serum (Fig. 1). By
reference to the table it will be seen that frequently when a positive
reaction occurs for the first time it does so at the point of the last
intradermal injection (eight cases, 1, 3, 4, 5, 6, 7, 8, 11) ; in other
cases all the previous points of injection react, and at times very mark¬
edly (Cases 7, 8, 10, 15, 16, 18, 19). Hamburger and Pollak regard
these successive reactions as coreactions or focal reactions ; that is, "They
appear only through the provocative influence of reinjection and are

similar to the negative tuberculin reaction which under the influence of
tuberculin injections may become positive." In my adult cases, which
received a second injection only after an interval of seven days had
elapsed, this provocative influence of successive injections is removed.
The marked reaction in the back in all these cases is an expression of a

general reaction of high degree, brought about by the primary injection.
It probably would not have occurred without the provocative influence of
the small intradermal injection. However, one case (No. 20) illustrates
the fact that a marked reaction may take place without the provocative
influence of a second injection. It will be further observed that in all
children below the age of 4 years (five observations) no marked reac¬

tions took place, while after this age and apparently as the age increases
up to adult life, the reaction becomes stronger. This cannot be because
of a greater amount of serum administered with the initial injection for
just as large doses were given to children with the exception of two
(18, 19) as were given to adults. Even in these eases, if we figure the
concentration of the serum in the blood the children received in propor¬
tion to the total quantity of blood in the body by far the greater doses.
The explanation would seem to rest either with the experience encoun¬

tered with animals, namely, that a small sensitizing dose gives rise to a

greater sensitization and that the adult cases are analogous to this
because of the higher dilution of the original injection, or with the
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Table Showing the Successive Intbadermal

Xo.

10

Xame

Dean S...

John 0.

Zena B...

Kate J.

Melville.

Noel B.

Earl S.

Clifford.

Harold S.

Joe K.

Serum
Orig¬inally

Injected
;> c.c.

Con¬
centra¬
tion1^
1-119
5 c.c.
Con¬

centra¬
tion
1-85

5 c.c.

Con¬
centra¬

tion
1-137
5 c.c.
Con¬

centra¬
tion
1-76

5 c.c.
Con¬

centra¬
tion
1-178
5 c.c.
Con¬

centra¬
tion
1-239
Ô c.c.
Con¬

centra¬
tion

25d1
5 c.e.
Con¬

centra¬
tion
1-255
5 c.c.
Con¬

centra¬
tion
1-278
5 c.c.
Con-

centra
tion
1-278

Age
Yrs.

6/12

6/15

8/12

9/15

1%

3%

Day of Reaction to Intradermal Test *

+ +

+

0
0

+ ?

0

+

0
++

0
++
++

0
+

++
++
++

0
+
+

0
+
0
+

+
+

++
++

+
++
++
++

0
0
0
+
0
0
0
+

+

0
0
0

4-2

+
++
++
++

+
+
+

++

+

10 11

+
+
+
+
0
0
0
0

++
++
++
++
++

0
0
0
0
+
0
0
0
0
+

0
0
0
0
+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
+
+
+
+
0
0
0
0
+
0
0
0
0
0
0
0
0
0
0

12

* Day after injection of antitoxin. —Intradermal injection. 0 Negative reaction. -(-Positive reaction.
t Day after injection on which reaction at original site of injection in the back occurred is marked + ;

:f The approximate concentration of the horse serum in the blood was calculated by regarding the total
weight was taken for adults.
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Injections and Reactions of Experiments, Seeies 1

Day of Reaction at Original Site of Inoculation t

+ +

10 Jl

Remarks

Second time patient has had antitoxin within
ten weeks. Accelerated reaction marked.

+ + Very marked reaction.
negative reaction, 0.
quantity of blood as 1/13 of the body weight. When weights were missing the average was taken. A uniform
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Table Showing the Successive Intbadeemal Injections

No.

11

12

13

14

15

16

17

18

19

20

Name

Ruth T..
.

Lulu Q.

Louise O..

James H...

Agnes B.

Crystal B..

Adrian W.

Miss 0.

Miss C.

Mrs. R. . ,

Serum
Orig¬
inally

Injected
5 c.c.
Con¬

centra¬
tion
1-278

5 c.c.
Con¬

centra¬
tion
1-516

5 c.c.
Con¬

centra¬
tion
1-516

5 c.c.
Con¬

centra¬
tion

1-355
5 e.c.
Con¬

centra¬
tion
1-424

5 c.c.
Con¬

centra¬
tion

1-462
5 c.c.
Con¬

centra¬
tion

1-578
10 c.c.
Con¬

centra¬
tion
1-544

10 c.c.

Con¬
centra¬

tion
1-544

5 c.c.
Con¬

centra¬
tion

1-1088

Age
Yrs.

11

13

21

21

Day of Reaction to Intradermal Test *

2 3

0
0
+

0
++
++

++

+
+

++

0
++
++

++
+

++
++

0
+

++

++
++
++

+
++
++

0
0
0

++
0
0
+

++

+
0
0
+

++
++
++
++

++
++
++
++

0
+

++
++

++
++
++

0
++
++
++

-++

0
0
0

++
0
0
0
0

0
0
+

++

++
++
++
++

+
+
+

++
0
0
+

++

+
+

0
0
+
+

++++

0
0
0
0

0
+
+
+
0
0
0
+

+
+
+

++

+
+
+

++
0
0
0
0

0
0
0

10

0
0
0
0
0
0
0
0
0
0
0
0
0
0

++
0
0
0
0

++
0
0
0
+

++
0
0
0
0
+

++
++
++
++

11

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
+
+
+
+

++
++

0
0
0
0
0
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and Reactions or Expebiments, Series 1.— (Continued)

Day of Reaction at Original Site of Inoculation f

+

+

+

10 11

Remarks

Left hospital ninth day.

Back shows an area 2.5 cm. in diameter at site of
injection. There is also erythema over both knees,
giving picture of serum sickness.

Back shows a slightly elevated and indurated area
over site of injection 5 by 2 cm. in diameter. No
signs of serum sickness.

Slight itching at site of injection in back, but no
redness.

On the sixth day there were slight signs of serum
sickness, but no reaction in the back.

On sixth day the back showed an irregular blotchy
redness around site of injection 2.5 cm. in
diameter.

On seventh day, before intradermal was given,
marked reaction occurred on back.

Downloaded From: http://archpedi.jamanetwork.com/ by a Michigan State University User  on 06/12/2015



Table Showing the Successive Intradermal Injections

Xame

Mrs. P..

Mrs. M.

Mrs. B.

Mrs. Pa..

Mrs. Pal.

Mrs. T.

Mrs. IT.

Mrs. W

Mrs. Ha.

Mrs. Wa.

Serum
Orig¬
inally

Injected
5 c.c.
Con¬

centra¬
tion

1-1088
5 c c.
Con¬

centra¬
tion

1-1088
5 c.c.
Con¬

centra¬
tion

1-1088
5 c.c.
Con¬

centra¬
tion

1-1088
5 c.e.
Con¬

centra¬
tion

1-1088
o o.e.

Con¬
centra¬

tion
1-1088
5 c.c.
Con¬

centra¬
tion

1-1088
5 c.c.
con¬

centra¬
tion

1-1088
5 c.c.
Con¬

centra¬
tion

1-1088
5 c.c.
Con¬

centra¬
tion

1-1088

Age
Yrs.

Dav of Reaction to Intradermal Test
'

-+

-+

-+

-+

-!- ++

+ +

+ +
-

+ +

+ I + + +•+-

10

++++

++

++

il

f+

12 13
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and Reactions or Experiments, Series 1.— (Continued)

Day of Reaction at Original Site of Inoculation f

0 i 0

0 0

+

0 I 0

+

+

++ +

+

+

+ +

10 11 12

Remarks

By slightly rubbing point in back redness occurs.
Not so on opposite side.

Ten hours after intradermal marked reaction in
back.

Ten hours after intradermal marked reaction in
back.

No observation of back made.

Slight flush over point of injection in back on

eighth day.

Diffuse urticarial eruption over site of injection in
back.

Ten hours after intradermal marked reaction in
back.

No observation of back made.

On fifth day, before intradermal was given, reaction
occurred on back; no other signs of sickness.

Xo observation of back.
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theory that the reaction power of the body has become greater and
quicker as age has advanced. The observations are so few that they
merely suggest this latter explanation. At this point we must recall
the fact previously referred to, that while a small dose may give greater
sensitiveness in animal experiments, the symptoms of serum disease are

usually induced only by large doses of serum (particularly where the
symptoms follow a primary injection). We must also ask the question,
Is the cutaneous reaction analogous to or identical with the symptoms of
serum disease? This question will be discussed later (Series 2).

Character of the Cutaneous Reaction.—If a well-marked reaction is
closely observed it will present two distinct zones, an inner, slightly raised
anemic zone of infiltration and an outer flat zone of hyperemia, the
periphery of which has finely jagged edges. Less marked reactions pre¬
sent only a flat hyperemia, a mottled roseolar, measles-like eruption or

a group of small wheals. At times well-marked local urticaria accom¬

panies a pronounced reaction. In my experience tenderness was seldom
complained of or induced by pressure. Itching was a frequent symptom.
It was more marked in the adult cases, Series 2, and the reinjection
Case 8, and at times it was almost intolerable.

If the progress of a well-marked lesion is observed the total area will
be seen to increase markedly from day to day until it has reached its
height, after which it may persist a day and then disappear. At times
a yellowish or greenish-yellow stain remains for a short time. If one

computes the total area on successive days and plots a curve, the curve
will follow closely that of a geometric progression. Nearly all reactions
were measured daily in their longitudinal and transverse dimensions. It
is not possible from such measurements to determine the total area with
any degree of accuracy. This point is considered more in detail in
"Studies on the Incubation Period No. 2—Cow-Pox Disease."10 V.
Pirquet and Hamburger and Schey have called attention to its
significance.

The Effect of Gentle Rubbing.—I have frequently observed in a

number of reactions, which were subsequently positive, that a day before
the lesion became definitely positive gentle brushing over the injected
area with the finger brings about a blush not produced by similarly rub¬
bing some remote part of the body. I have also observed that in some

cases in which the reaction might otherwise be questionable, this brush¬
ing brings it to the surface in such a way as to convince one of its posi¬
tive nature. It might be interpreted that such a reaction was just below
the threshold of cutaneous manifestation.

10. Read at meeting of American Society for Advanced Clinical Investigation,
Washington, May 5, 1913. Unpublished.
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SERIES 2
Observations to Determine How Long an Individual Remains Sensi¬
tive to an Inoculation of Horse Serum, and the Factors Influencing

the Reaction.

We have recorded already many instances of sensitization continuing
for one year. The following cases record observations beyond this
period :

Case 31.—Miss S. was given antitoxin for the first time seventeen months ago.
April 18.—Intradermal in left forearm 0.5 em.3 diphtheria antitoxin. In

fifteen minutes an area of erythema and urticaria about 30 by 30 cm. appeared.
At night this area began to itch.

April 19.—There is a marked area 125 by 60 mm. The itching is very marked.
Infiltration not noted.

April 20.—The area has entirely disappeared.
Case 32.—Miss A. was given diphtheria antitoxin for the first time two years

ago. No serum sickness occurred.
April 18.—Intradermal left forearm 0.5 cm.3 Immediate reaction of same

degree as Case 31. Itching at night marked.
April 19.—There is a marked reaction. The central portion 40 by 35 mm. is

infiltrated. The outer area 120 by 70 mm. is red. Itching is marked. There is
a large urticarial lesion over the left wrist 40 by 40 mm.

April 20.—The reaction has disappeared. Patient was very uncomfortable dur¬
ing the exanthem.

Case 33.—Miss K. was given diphtheria antitoxin for the first time seven

years ago.
April 18.—Intradermal 0.5 cm.3 diphtheria antitoxin. An immediate reaction

occurred within fifteen minutes.
April 19.—Patient complained of marked itching of the forearm last night.

This morning there is an inner zone of infiltration 80 by 60 mm. and an outer zone
of erythema 110 by 90 mm. The entire forearm is swollen.

April 19.—The arm is almost entirely clear.
April 20.—The arm is clear.
April 23.—Last evening a large area began again in the same location as

before. This morning it covers the entire flexor surface of the arm and extends
well around to back of arm. The itching last night was intense. There is none
this morning. Other parts of the body have been free from eruption.

From these observations we find that an individual may remain very
markedly oversensitive (allergic) for seven years. This is the longest
definite case without reinjeetion, I have been able to find. To repeat,
this remarkably robust woman reacted immediately, within fifteen min¬
utes, with erythema. During the following night she was annoyed by
marked itching of the arm and at the end of twenty-four hours a zone

of marked infiltration 60 by 80 millimeters surrounded by an outer zone
of erythema 90 by 100 millimeters had developed. The entire forearm
was swollen (immediate reaction). The following day the hyperemia
had almost entirely disappeared. Four days later, however, intense itch¬
ing, erythema, urticaria and infiltration covered the entire flexor surface
of the forearm (hastened reaction and double reaction). This brings us

to the consideration of the immediate, hastened and double reaction of
von Pirquet and Schick.
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In certain cases after reinjeetion with horse-serum, v. Pirquet and
Schick observed that when the reinjeetion was made early, within two to
four weeks after the primary injection, if the symptoms of serum sickness
appeared at all, they usually did so within the first twenty-four hours.
If an interval of six months intervened the symptoms appeared only
after several days, but in advance of those that occur after a primary-
injection. The first they called the immediate reaction, the second the
hastened reaction. They made a still further observation, that in certain
other cases after reinjeetion both of these reactions may be observed ; that
is, symptoms appear within twenty-four hours, then disappear and reap¬
pear after an interval of three or four days. This they called the double
reaction. It is not infrequently seen in eases of serum sickness, and it
is beautifully illustrated in the local reaction in the case of Miss K.
(No. 3).

The immediate intradermal reaction is the rule in individuals who
have passed the pre-allergic stage (four to ten days), and the experi¬
ence encountered with the intradermal reaction, while not identical
with, is analogous to, that of serum sickness proper. The difference
between the two seems to be only in the fact that with the intradermal
test an immediate reaction is always obtained whether the reinjeetion is
made during the first few weeks of allergy or after the six-month inter¬
val, up to the seventh year.

In answer to the question raised before, Is the cutaneous reaction
analogous to or identical with the symptoms of serum sickness, it may be
said that they are one and the same thing, the difference being a quan¬
titative one. Diluted serum, as Hamburger and Pollak have shown,
brings about a fainter reaction than undiluted, and clinical experience
shows us that 2,000-unit reinjeetion is much more likely to bring about
the symptoms of serum disease than a 500-unit reinjeetion.

SERIES 3

Observations to Determine if a Small Dose of Horse Serum Is
Sufficient to Sensitize to the Point of Recognition by the Intra¬

dermal Test and if so for How Long.
Case 34.—Louise C. Little's disease. Has never had antitoxin.

Nov. 29. Was given 1 cm.3 antitoxin intradermally in the right arm
and 1.5 cm.3 subcutaneously.

Day 1—Nov. 30. Arm negative.
Day 3—Dee. 2. Negative.
Day 4—Dec. 3. Negative; 2 intradermal 2 cm.3 same arm.

Day 5—Dec. 4. There is a very slight reaction, 5 mm. diameter, which is
increased to 10 mm. by gentle rubbing. Rubbing over
other sites of injection gives same redness.

Day 7—Dec. 6. Faint area 20 mm. in diameter, fading.
Da}T 8—Dec. 7. All negative.

Total serum given, 4.5 cm.3
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Case 35.—Lillian 0. Same as patient in Experiment 2, Series 4. Has never
had antitoxin.

Nov. 29. Was given first injection 1 cm.3 antitoxin intradermally and
1.5 cm.3 subcutaneously. There was no reaction after
three days when she was given a second intradermal of
2 cm.3 She was sensitive on the following morning.
Fourth day, area 30 by 30 mm. with indurated center.
See further records Series 2.

Total amount of serum given, 4.5 cm.3
Case 36.—Velma C. Patient has never had antitoxin.

1—Dec. 3 was given 2 em.3 antitoxin intradermally and 2 cm.3 subcuta¬
neously, right arm.

Day 1—Dec. 4. Red trauma-like area 5 mm. in diameter.
Day 3—Dec. 6. Negative; 2 intradermal 2 cm.3 in left arm.

Day 4—Dec. 7. Negative; 3 intradermal, 1 cm.3 in right arm; 4 intradermal
1 cm.3 in right thigh.

Day 6—Dec. 9. Faint area 25 mm. in diameter at point of third injection,
fading. Thigh negative. No observation on fifth.

Day 7—Dec. 10. Left arm shows faint area of mottled hyperemia 25 by 25
mm. Right arm 30 by 30 mm., faint but distinct hyper¬
emia. Right thigh negative.

Day 8—Dec. 11. Right arm 60 by 35 mm., light pink erythema. Left arm

same as yesterday. Right thigh negative.
Day 135—April 18. Fifth intradermal 0.5 cm.3 At 7 p. m. area 15 mm. in

diameter (approx. )
Day 136—Apr. 19. Area of pink mottling 30 by 60 mm.

Total serum previous to last intradermal 8 cm.3 (8/10 c.c.)
Case 37.—Minnie A. Patient has never had antitoxin.

Nov. 27. Was given 2 cm.3 antitoxin intradermally in arm.

Day 1—Nov. 28. Slight hyperemia 0.5 cm.3 in diameter (trauma) increased
by gentle rubbing.

Day 2—Nov. 29. Faint area as before. Rubbing does not excite it.
Day 3—Dec. 2. Negative.
Day 4—Dec. 3. Negative. Second intradermal 0.5 cm.3
Day 5—Dec. 4. Point of second injection shows an area of slight erythema

with indurated center 30 by 30 mm.

Day 7—Dec. 6. Deep red erythema 40 by 30 mm. Distinctly indurated. No
tenderness.

Day 8—Dec. 7. Erythema same as yesterday.
Day 10—Dec. 9. Area same size but fading.
Day 12—Dec. 11. Area fading but visible 30 by 30 mm.

Total amount of serum given 2.5 cm.3 (% c.c.)
From these observations we find first, that typical oversensitiveness as

recognized by the intradermal test is brought about in a child by at
least 1 cubic millimeter of horse-serum (1/10 c.c.) without the provoca¬
tive influence of successive injections (Case 35), and that the reaction
continued over a period of seven days ; second, that the reaction occurred
in all cases on the fourth or fifth day, as is the rule after the longer
initial injection (5 to 10 c.c.) ; third, that the reaction is qually as pro¬
nounced as it is after the larger injection at the same period of observa¬
tion (Case 37) ; and fourth, that sensitization by means of a minute-
dose of horse-serum continues for 136 clays (Case 36, longest observation
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made).11 As the point sought in these observations was only to deter¬
mine if a very small dose of horse-serum would bring about sensitiza¬
tion, as recognized by a skin reaction, and the duration of the sensitiza¬
tion, further tests to determine the time at which the maximum reac¬
tion would take place were not made. In one case (36) a test was

given on the one hundred and thirty-fifth day, and an immediate reac¬

tion developed within nine hours and became marked by the end of
twenty-four hours. This reaction was much more marked than the first
one, and shows that at the time of the first reaction sensitization had not
reached its height.

SERIES k
Does Horse Serum Exist as Such in the Circulating Blood and

if so for How Long.
It will be recalled that previous reference has been made to this

question. Hamburger and Moro, by means of the anti-horse-serum
method were able to show that horse-serum or what has been thought to
be its biologically active portion (precipitable substance) continued in
the blood-stream apparently unaltered as long as thirty-one days after
injection, and that precipitable substance and precipitin exist side by
side for a long time. By an entirely different method I have attempted
to demonstrate the same point. Instead of using the body of a foreign
species to bring about an antiserum I assumed that the organism of a

highly sensitized individual should respond to an intradermal or sub¬
cutaneous injection of the blood-serum of an individual recently injected
with horse-serum for the first time, if the horse-serum continued as such
in the body (provided that the dilution of the serum was not too high).
In other words, the serum of an unsensitized injected child if injected
into a highly sensitized child would bring about either an intradermal
reaction or the symptoms of serum disease in the sensitized child. On
the convenient hypothesis of v. Pirquet and Schick, allergen and ergin
are necessary for a reaction. These conditions are supplied in this
experiment.

Sensitized Child.—By reference to Case 8, Series 1, it will be seen
that Clifford H. had a very high degree of oversensitiveness to horse-
serum. In other words, allergy had been established and free ergin was

present in the circulation.
Unsensitized Injected Child.—For this purpose I sought a per¬

fectly healthy, tuberculin-negative child, Theo. H., who in consequence
11. A patient with a mild attack of diphtheria was given within thirty-six

hours approximately 20 c.c. of antitoxin. Intradermal tests on the fourth and
sixth days were negative. The case then passed from observation. This appar-
ently prolonged preallergic stage suggests the anti-anaphylactic reaction of Stein-
hart and Besredka.
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of prophylaxis received Dec. 21,1912, 1,000 units diphtheria antitoxin (5
c.c). After twenty-four hours 2 c.c of blood were taken from an arm

vein, the serum separated and marked 1. On the following day a similar
sample was taken and marked 2 (forty-eight hours). On the third day
another sample was taken and marked 3 (seventy-two hours). The serum

was obtained by coagulation and was preserved in an ice-chest.
Experiment 1.—Clifford H. (Case 8, Series 1). A highly sensitized patient

was injected:
Dec. 21.—11 a. m. with 0.5 c.c. serum No. 1 intradermally in the arm.

12 m. There is a distinct hyperemic area at the site of puncture 2 by 1 mm.
2 p. m. The hyperemic area is very much diminished and limited to a very

small areola about the puncture. (Observation by Dr. Stoops.)
3:30 p. m. The area remains about the same.
6:30 p. m. The area is again visible 1 by 1.5 mm. surrounding the puncture.

The pale center observed at noon has disappeared. ( Stoops. )
8:30 p. m. (D. M. C. ) The area over the arm has faded. At 7 p. m. the

nurse records that the patient complained of headache. At 8 o'clock she records
slight redness over the forehead, temple and chin. At present there are several
deep red hyperemic areas with irregular borders over the face and forehead,
varying from 10 by 30 mm. on the forehead. No urticaria. There is a large
hyperemic area over the back of both wrists. Back and rest of body negative.
These are not pressure spots as the patient has been sleeping on the opposite
side. T. P. R. normal.

Dec. 22—11 a. m. There is a faint hyperemic area 7 by 5 mm. around the
point of injection in arm. The spots on the face have almost completely dis¬
appeared.

Dec. 23—10 a. m.—One cm.3 Theo, serum No. 1 intradermally, right arm. A
pink hyperemia developed immediately. One cm.3 of sterile water is similarly
injected in left arm. After ten minutes the area on the right arm is reduced
3 by 5 mm. and an area 4 by 2 mm. develops in five minutes after the injection
of water.

10:35 a. m. R. A. (water), 5 by 2 mm. L. A. (serum), 4 by 2 mm.

11:30 a. m. R. A. (water), 2 by 1.5. L. A. (serum), negative.
12:00 a. m. R. A. (water), negative. L. A. (serum), negative.
11:00 p. m. Nurse records slight redness on left side of neck and upper part

of shoulder.
Dec. 24—6:00 a. m. Slight redness on cheek.
11:30 a. m. Slight but distinct blotchy redness about the mouth and on right

side of nose. Left arm shows an area of hyperemia 7 by 5 mm. around site of
puncture with slight induration. Control on other arm is entirely negative.

11:45 a. m. Intradermal 1.5 cm.3 Theo, serum No. 3 (seventy-two hours).
12:00 a. m. There is marked area 30 by 15 mm. with white center.

From this experiment we may conclude that horse-serum or its bio¬
logically active portion, allergen, was present in the blood-stream as late
as forty-eight hours after injection, possibly seventy-two hours. It is
of interest to note that the local reaction was not so marked as the
general reaction.

To see if a similar result would occur in a child sensitized with a

very small dose of horse-serum, I made a similar observation on a child
previously successfully sensitized with 0.1 c.c. horse-serum as follows:
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Experiment 2.—Lillian 0. (Case 35, Series 3.) Patient has never had
antitoxin.

Nov. 29, 1912. Patient was given 1 em.3 diphtheria antitoxin intra¬
dermally and 1.5 cm.3 sucutaneously to see if this small
amount would produce sensitization.

Day 1—Nov. 30. Arm and back negative.
Day 3—Dec. 2. Arm and back negative.
Day 4—Dec. 3. Arm and back negative; 2 intradermal 1 cm.3
Day 5—Dec. 4. Characteristic hyperemia with indurated center. Back

negative.
Day 7—Dec. 6. There is a deep hyperemia 10 by 9 mm., both points fusing.

There is considerable induration, same as 3Testerday.
Day 8—Dec. 7. Same as yesterday, possibly fading a little.
Day 10—Dec. 9. Fading.
Day 11—Dec. 10. Reaction still present but less noticeable.
Day 12—Dec. 11. The area is still visible 10 by 9 mm., fading.
Day 22—Dec. 21. Patient is given an intradermal of about 1 cm.3 of Theo,

serum No. 1. In half an hour there is no change. The
area of injection is still elevated. (Primary infiltra¬
tion.) 8:30 p. m., the arm shows an area of slight hyper¬
emia 10 mm. in diameter. There is a large hyperemic
area 50 by 50 mm. over the right inner forearm above
the wrist of a deep red color similar to Case 1. This
area has irregular map-like margins. There is also a

slight diffuse redness of the left wrist. The rest of the
body is free. T. P. R. normal. 10 p. m. nurse records
redness on back right hand.

Day 23—Dec. 22. 11:00 a. m. There is a slight but distinct hyperemic area
2 by 1.5 mm. at site of intradermal injection. The
erythematous spots of last night have distinctly dis¬
appeared. On gentle rubbing over the intradermal area
it is very much increased and mottled in character.

Day 24—Dec. 23. 10:30 a. m. Patient is given 0.5 em.3 Theo. Serum No. 2
intradermally. Quite a little oozed from puncture.
Fairly good infiltration obtained. No immediate reaction.
10:35 a. m. There is a hyperemic area 3.5 by 3.5 mm.
with raised center and an outer zone 8 by 8 mm. The
center in indurated. 11:35 a. m. The center in indu¬
rated as before; otherwise negative. 4:30 p. m. Area
4 by 4 mm. 7:00 p. m. Area negative. (Stoops.)
12:00 midnight, negative.

Day 25—Dec. 24. Nurse recorded no skin changes during the night. Point of
intradermal shows a faint but distinct area of hyperemia
15 by 10 mm. This brightens up markedly on gentle
rubbing. Other areas on arm do not.

Note.—This patient had been getting 18 drops of tincture belladonna t. i. d.
for some days. She had never shown any hyperemia before and has shown none
since injections have ceased. The evening both these cases reacted I made the
rounds of both wards to see if any other children had areas of hyperemia. They
were all negative.

In this case we found an even more marked reaction than was

obtained in Experiment 1. In ten hours there were distinct signs of
serum disease, with local reaction following the injection of both samples
of Theo.'s serum. Theo, left the hospital at this point, so that further
observations could not be made. Another opportunity did not present
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itself. From these two experiments it would seen» that by a more care¬

fully planned experiment an intradermal reaction might be obtained by
this method at least up to the end of the fifth day of the incubation
period, possibly later.

In the absence of such an experiment we must at this point consider the
work of Gay and Southard on guinea-pigs and its possible bearing on

the question in hand. These authors have demonstrated quite conclu¬
sively that the sensitizing substance of horse-serum continues in the
animal body indefinitely [after the disappearance of precipitable sub¬
stance], and confirm the observation first made by Bosenau and Anderson
that it is transmitted to the offspring of sensitized guinea-pigs, and that
when the serum from such an animal is injected into a non-sensitized
guinea-pig it renders the pig sensitive. There are no observations that
I am aware of which show that the serum of a sensitized pig or indi¬
vidual will induce a skin reaction in another sensitized animal of the
same species.

I am unable to find record of any experiments similar to those just
recorded. If by future work such reactions can be demonstrated to
occur with any regularity, it would seem that a new and profitable field
for research in the exanthematous diseases is opened up. It was this
idea which prompted these experiments. For such a study one must
have at hand incubating cases, recently recovered cases and cases repre¬
senting weeks, months and years post-measles, scarlet fever, etc. In my
first-attempted series in which it seemed that a most fortunate opportu¬
nity presented itself the unexpected happened. One child in a family
of four children came down with a marked attack of morbilli. The
other children were fully exposed. Blood taken after a number of days
reacted negative. These children, however, failed to contract the dis¬
ease, accordingly only negative results would happen. There are many
phenomena occurring in the exanthematous diseases which can be
explained on the grounds of allergy. These must necessarily occupy our

attention in the future, for as yet they are not fully understood and are

but seldom recognized.
From this study I believe it is shown that the incubation period in

serum disease is divided into three distinct stages, which for convenience
I have designated pre-allergic, allergic and hyperallergic

The Pre-Allergic Stage.—Directly following the injection of allergen
there elapses a period of hours or days before it effects an altered state,
"a changed reactivity," of the organism. The length of this stage can¬

not be definitely determined. For the present it may be considered to
continue up to the day when a cutaneous reaction is demonstrable. Evi¬
dence has been brought forth to show that a binding of the reaction
products has taken place before this time. When the binding begins we
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do not definitely know. This pre-allergic stage, as designated, differs
with the allergen. With horse-serum it is four to five days. With cow-

pox vaccine it is only twenty-fours or less. With tuberculin it is several
days. In all probability during this stage the foreign serum is split into
its component parts.

The Allergic Stage.—Following the time when a cutaneous reaction
is demonstrable, there is a period of four or five days before the height
of a cutaneous reaction is reached, and before the symptoms of serum dis¬
ease spontaneously show themselves, and during which ergin is being
elaborated in progressively larger amounts, but the reaction is still below
the "threshold of cutaneous manifestation."

»ay
1E34.56 789 10 1112 13

Pre-Allergio
Stage

Allergic
Stage

Hyper-Allergic
Stage

Fig. 2.—Chart showing curves of allergic reaction in serum disease. A, imme¬
diate reaction; B, hastened reaction; C, primary reaction.

The Hyperallergic Stage.—Those individuals who respond to an

injection of allergen with characteristc symptoms of the disease have
passed into the hyperallergic stage. Ergin has now reached its highest
point. Hereafter, depending on the degree of allergy or hyperallergy,
the individual if again given an injection of allergen no longer passes
through a pre-allergic stage, but either passes directly into hyperallergy
(immediate reaction) or hastens through the allergic stage reacting
with characteristic symptoms three or four days ahead of a primary
injection case. Furthermore, those individuals who have never pro¬
gressed to the hyperallergic stage remain allergic and likewise deduct
the pre-allergic stage from their new so-called incubation period.
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These phenomena are well illustrated by the curves in Chart 1. Curve
C (Fig. 2) represents a case of serum sickness following a first injec¬
tion. This curve represents a geometric progression with the term 1,
and a ratio of 2. It reaches the threshold of biochemic demonstration
the middle of the fifth day and that of cutaneous or clinical manifesta¬
tion on the eighth day. Thereafter the reaction products are present in
the body. If we regard the amount of reaction bodies retained in the
body as represented by the term 5, and after a proper lapse of time
give a second injection of the same amount of allergen as that given at
the primary injection, we may again regard the ratio as 2 and we will
produce a curve, B (Fig. 2), which exactly corresponds to a hastened

Fig. 3.—Curves illustrating phenomena during the three stages of the incuba¬
tion period.

reaction. If more ergin has been left in the body and an immediate
reaction takes place on reinjeetion, it must correspond to a term of 20
if the ratio remains the same. Plotting such a curve gives the picture
of an immediate reaction, A (Fig. 2), the cutaneous test appearing
within the first twenty-four hours, the symptoms of serum disease the
following day.

Von Pirquet and Schick, as well as others, were of the opinion that
the reaction bodies entered the circulation suddenly after eight or ten
days had elapsed. Experience with the cutaneous reaction introduced by
Hamburger and Pollak tends to alter one's opinion on this point. It
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leads one to believe that the antibodies enter the circulation suddenly at
a much earlier time, on the fourth or fifth day, and multiply with great
rapidity from then on until they reach their height on the eighth to the
tenth day, at which time they may manifest themselves in the visible
symptoms of serum disease. However, we are forced to conclude that the
antibodies (reaction products) multiplying according to the law of geo¬
metric progression, must necessarily at first enter the circulation gradu¬
ally after a primary injection of allergen. Evidence tends to show that
these products are first bound, then enter the general circulation and
multiply with great rapidity.

Figure 3 illustrates the phenomena observed during the three stages
of the incubation period. Precipitins for horse-serum and ergin are

demonstrable at about the same time, that is, in the allergic stage. They
gradually increase until about the ninth day, after which they increase
with marked rapidity (hyperallergic stage). Precipitable substance is
demonstrable during all three stages, but evidence tends to show that
it decreases with the marked increase in the other two bodies during the
hyperallergic. Precipitin and precipitable substance disappear at
approximately the same time, but the other substance, ergin, continues
in the blood indefinitely. This substance is not identical with precip¬
itable substance or precipitin. In animal experiments it has been proved
that a substance capable of acting the part of allergen remains in the
body for a long time; that is, blood-serum from such an animal may be
used to sensitize an unsensitized animal. This substance has been called
anaphylactin by Gay and Southard. As it is derived from or is part of
the original horse-serum (allergen) I have represented it on the chart
by reverse hatching following the disappearance of precipitable substance.

It has been thought by some that the portion of horse-serum recog¬
nized by the precipitin test (precipitable substance) is the allergin.
The early work of Bosenau and Anderson shows that this is not so. When
they injected sensitized animals with filtrate of normal horse-serum,
resulting from the precipitation of precipitable substance by antiserum,
it was found to be toxic (2 c.c. caused death in twenty minutes). Sev¬
eral questions arise at this point. Is the substance present in the filtrate
the original allergen which induces the cutaneous reaction? Is pre¬
cipitable substance capable of inducing allergy as recognized by the
cutaneous reaction? What part if any does precipitin play in the
mechanism of allergy ? Future experiments will have to give the answer.
We must conclude at least that up to the present time the long-discussed
question of the relation of precipitin and precipitable substance to
anaphylaxis and the cutaneous manifestations of serum disease remains
unsettled.
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CONCLUSION'S

1. The so-called incubation period of serum disease passes through
three distinct stages, which may be designated pre-allergic, allergic and
hyperallergic, depending on the degree of reaction of the organism as a

whole, all of which can be definitely determined.
2. The duration of the pre-allergic stage is uninfluenced by the

smallness of the dose of serum.

3. The visible symptoms of serum disease are due to hyperallergy.
4. The hastened and immediate reactions depend on quantitative

reaction factors.
5. The blood-serum of a normal child recently injected with horse

serum, for the first time, when injected in small amount into a highly
allergic child will induce the symptoms of serum disease as recognized by
an immediate or a hastened reaction.
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